The detailed chemical composition of the atmosphere AY Cet (HD 7672) is determined from a high-resolution spectrum in the optical region. The main atmospheric parameters and the abundances of 22 chemical elements, including key species such as 12 C, 
Introduction
The variability of AY Ceti (HD 7672, 39 Cet) was first noticed by Cousins (1962) and later confirmed by Olsen (1974) . A spectral class of G5 III was assigned to AY Cet by Cowley & Bidelman (1979) , who also noted in its spectrum a moderately strong Ca II H and K emission, indicating that this star might be an RS CVn binary.
From photoelectric photometry obtained in 1971 , 1972 , 1980 -81, and 1981 -82, Eaton et al. (1983 have determined a mean photometric period of 77.65 ± 0.05 days. The full V amplitude of the nearly sinusoidal light curve has been as large as 0.18 mag. For predicting future behaviour of AY Cet the authors proposed the ephemeris JD = 244636.0 + 77.65 E days, where the initial epoch is at time of minimum light. In the same work it was noticed that the maximum brightness of AY Cet has decreased by 0.18 mag (from V = 5.35 to 5.53 mag) during the ten years of observations. Strassmeyer et al. (1989) found a slightly smaller rotational period of 75.12 ± 0.03 days from photometry obtained between 1983 and 1986. The amplitude was variable from season to season and changed from approximately 0.06 to 0.19 mag within one year. Poretti et al. (1986) have combined UBV photometry of AY Cet from 1980-81, 1981-82, and 1983-84 , and found that the variations of the V magnitude can be represented as a combination of three sine curves with the following semi-amplitudes and periods: 0.06 mag at P 1 = 77.22 d, 0.03 mag at P 2 = 79.36 d, and 0.07 mag at P 3 = 1820 d.
As well as for λ And, the orbital period of AY Cet is much smaller than the photometric period. Using 22 mea-From observations with the HEAO II satellite (Walter & Bowyer 1981) and from IUE observations (Simon et al. 1985) it was discovered that AY Cet has a hot white dwarf companion. The UV spectrum of AY Cet at 1200-2000Å shows a hot stellar continuum and a very broad Lyα absorption line which can be matched to the energy distribution of the white dwarf with T eff = 18 000 K and log g = 8 model atmosphere. Superimposed on the hot continuum are high-excitation emission lines of the late-type primary (e.g., O I 1305Å and C IV 1549Å). Simon et al. determined that the radius of the AY Cet B white dwarf is r 2 = 0.012 R ⊙ , and the mass m 2 = 0.55 M ⊙ , the radius of the primary AY Cet A is r 1 = 6.8 R ⊙ , and the mass m 1 = 2.09 M ⊙ . Mass and radius of AY Cet were also determined in several later studies: r 1 = 6.6 R ⊙ by Schrijver & Zwaan (1991) ; r 1 = 8.18 R ⊙ and m 1 = 1.95 M ⊙ by da Silva et al. (2006) ; and r 1 = 7.9 R ⊙ and m 1 = 2.0 M ⊙ by Massarotti et al. (2008) .
From observations with the VLA radio interferometer, Simon et al. (1985) also reported the detection of two very strong radio flares on AY Cet. The second flare was characterized by minute-to-minute variations in the left-circularly polarized flux. Such highly polarized activity is quite rare among the RS CVn and related systems and most probably acts as electron-cyclotron maser. In order to study weather the UV emission of AY Cet is variable, Simon & Sonneborn (1987) have obtained IUE observations of this star on five dates between 1983 and 1984. It was found that the spectrum of the secondary has no discernible changes either in the level of brightness of its continuum or in the shape of the absorption profile of Lyα. Quite significant changes were observed in the spectrum of the primary. At their strongest, the stellar features were up to one hundred times brighter than the same lines observed in the quiet Sun. The range in line strength from the minimum to the maximum brightness levels observed for AY Cet was roughly a factor of 1.5-2 in the chromospheric lines and 5-6 in the transition region features. Surprisingly, both UV and previously observed radio flares (Simon et al. 1985) occurred near the peak in visible light curve, when a surface of the primary is less covered by starspots.
Thus, AY Ceti shares the attributes of spotted, chromospherically active RS CVn binaries: strong Ca II H and K emission, a prominent photometric wave in visual light, and intense soft X-ray emission. In addition, AY Cet is especially prominent because of its strong radio flares. From the radio point of view, AY Cet may be among the most active stellar sources in the sky (Simon et al. 1985) . The purpose of this work was to determine the detailed chemical composition of AY Cet atmosphere from its high-resolution spectrum in the optical region. In particular, it was interesting to investigate has stellar activity altered abundances of mixingsensitive elements such as 12 C, 13 C, and N.
Observations and method of analysis
A spectrum of AY Cet was observed in August of 1999 on the 2.56 m Nordic Optical Telescope using the SOFIN echelle spectrograph with the optical camera, which provided a spectral resolving power of R ≈ 80 000, for 26 slightly shifted in wavelength spectral orders, each of ∼40Å, in the spectral region from 5000 to 8300Å. The details of spectral reductions were presented in Tautvaišienė et al. (2010, hereafter Paper I) . We selected 147 atomic lines for the measurement of equivalent widths and 16 lines for the comparison with synthetic spectra. The measured equivalent widths of lines are presented in Table 1 . The spectra were analysed using a differential model atmosphere technique described in Paper I. Here we present only some details.
Atmospheric parameters
Initially, the effective temperature, T eff , of AY Cet was derived and averaged from the intrinsic color indices (B −V ) 0 and (b−y) 0 using the corrected calibrations by Alonso et al. (1999) . The color indices B − V = 0.89 and b − y = 0.558 were taken from Mermilliod (1986) and Hauck & Mermilliod (1998) , respectively. A reddening of E B−V = 0.02, estimated using the Hakkila et al. (1997) software, was taken into account. The temperatures deduced from both color indices were 5080 K and, no obvious trend of the Fe I abundances with the excitation potential was found (Fig. 1) . The surface gravity log g was found by adjusting the model's gravity to yield the same iron abundance from the Fe I and Fe II lines. The microturbulent velocity v t value corresponding to a minimal line-to-line Fe I abundance scattering was chosen as a correct value. Consequently, [Fe/H] values do not depend on the equivalent widths of lines (Fig. 2 ).
Mass determination
The mass of AY Cet was evaluated from its effective temperature, luminosity and the isochrones from Girardi et al. (2000) . The luminosity log (L/L ⊙ ) = 1.65 was calculated from the Hipparcos parallax π = 12.41 mas (van Leeuwen 2007) and V = 5.43 mag (da Silva et al. 2006) , the bolometric correction calculated according to Alonso et al. (1999) , and the above mentioned reddening E B−V = 0.02. A mass of ∼ 2.2 M ⊙ was found, which is close to the previous evaluations (Simon et al. 1985; da Silva et al. 2006; Massarotti et al. 2008 ).
Spectrum syntheses
Due to the rotation spectral lines of AY Cet are slightly broadened. We used v sin i = 4.0 km s −1 because with this value the match between the synthetic and observed spectra was the best. The same rotation speed was determined by Strassmeier et al. (1988) , Berdyugina (1994) , and Montes et al. (1994) . This value is also close to v sin i = 4.5 km s determined by Gray (1989) . A slightly lower value of v sin i = 2.9 km s −1 was used by Batten et al. (1989) , and slightly higher value of v sin i = 6.0 km s −1 by Fekel et al. (1986) .
The method of synthetic spectra was used to determine the carbon abundance from the C 2 line at 5135.5Å. The interval 7980-8130Å, containing strong 12 C 14 N and 13 C 14 N features, was used for the nitrogen abundance and 12 C/ 13 C ratio determinations. The 12 C/ 13 C ratio was determined from the (2,0)
13 C 12 N feature at 8004.7Å. All log gf values were calibrated to fit to the solar spectrum of Kurucz (2005) with solar abundances from Grevesse & Sauval (2000) . The oxygen abundance was determined from the forbidden [O I] line at 6300.31Å with the oscillator strengths for 58 Ni and 60 Ni from Johansson et al. (2003) and log gf = −9.917 obtained by fitting to the solar spectrum (Kurucz 2005) with log A ⊙ = 8.83 (Grevesse & Sauval 2000) . In  Figs. 3, 4 , and 5 we show several examples of synthetic spectra in the vicinity of the 12 C 14 N, C 2 , and [OI] lines.
The abundance of Na I was estimated using the line 5148.84Å which, due to rotational broadening, is blended by the Ni I line at 5148.66Å. These two lines are distinct in the Sun, so we were able to calibrate their log gf values using the solar spectrum. However, the sodium abundance in our study is affected by the uncertainty of the nickel abundance, originating from the equivalent widths method. For- The abundance of r-process element praseodymium was based on the Pr II line at 5259.72Å and of europium on the Eu II line at 6645.10Å (Fig. 9) . The hyperfine structure of Eu II was taken into account when calculating the synthetic spectrum. The wavelength, excitation energy and total log gf = 0.12 were taken from Lawler et al. (2001) 
Estimation of uncertainties
The sources of uncertainty were described in detail in Paper I. The sensitivity of the abundance estimates to changes in the atmospheric parameters for the assumed errors (±100 K for T eff , ±0.3 dex for log g, and ±0.3 km s −1
for v t ) is illustrated in Table 2 . It is seen that possible parameter errors do not affect the abundances seriously; the element-to-iron ratios, which we use in our discussion, are even less sensitive. The 12 C/ 13 C ratio is particularly not sensitive to changes in the atmospheric parameters. However, it's value might decrease by -3 or increase by +7 as a result of raising or lowering the continuum level, respectively. The continuum level placement depends on the S/N ratio, which is about 200 in our case.
The scatter of the deduced line abundances, σ, presented in Table 3 , gives an estimate of the uncertainty due to the random errors, e.g., in the continuum placement and the line parameters (the mean value of σ is 0.05 dex). Thus the uncertainties in the derived abundances originating from the random errors are close to this value.
Since the abundances of C, N, and O are bound together by the molecular equilibrium, we have also investigated how an error in one of them typically affects the abundances of the others.
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Results and discussion
From the observed spectrum we determined for AY Cet the following main atmospheric parameters: T eff = 5080 K, log g = 3.0, v t = 1.4 km s −1 , and [Fe/H] = −0.33.
Similar values of effective temperatures for AY Cet (lying in the interval from 5000 K to 5100 K) and of log g (from 2.8 till 3.1) have been determined by Berdyugina (1994), Biazzo et al. (2007) , da Silva et al. (2006) , Pallavicini et al. (1992) , and Randich et al. (1993) . Identical [Fe/H] = −0.33 for AY Cet have been determined also in the recent studies of Biazzo et al. (2007) and da Silva et al. (2006) . Lower values of the metallicity were determined in the earlier studies of Randich et al. (-0.5 dex, 1993) and Berdyugina (-0.58 dex, 1994) . The abundances [A/H], C/N, and 12 C/ 13 C together with their σ (the line-to-line scatter) are listed in Table 3 .
The values of [El/Fe] obtained for AY Cet are displayed in Fig. 10 together with results of other analyses of this star. Abundances of C, N, O, Li, Zr, Ba, and La in AY Cet were also previously determined by Berdyugina (1994) , and Mg and Si were investigated by Ottmann et al. (1998) . These results are in quite good agreement with ours. The elements Si, Ti, V, Ni, Y, La, and Nd were investigated by McWilliam (1990) The evolutionary sequences in the Hertzsprung-Russelldiagram of Girardi et al. (2000) show that AY Cet (with log(L/L ⊙ ) = 1.65 and ∼ 2.2 M ⊙ ) is a first ascent giant lying close to the bottom of the giant branch in the area where the first dredge-up occurs. In such stars, the 1st dredge-up starts when the luminosity log(L/L ⊙ ) is ≈1.2 and ends at ≈ 1.8 (Boothroyd & Sackmann 1999) . So, the convective envelope should not reach the deepest layers of AY Cet yet.
In Fig. 11 , we compare the C/N and 12 C/ 13 C ratios of AY Cet with the standard prediction of the 1st dredge-up and with two models of extra-mixing. The model called 'cool bottom processing' (CBP) was proposed by Boothroyd & Sackmann (1999) , and the model called 'ther- The position of AY Cet in the C/N versus stellar mass diagram (Fig. 11) shows a higher C/N ratio as compared to the 1st dredge-up prediction, as expected from the evolutionary status of AY Cet. Concerning the 12 C/ 13 C ratio of AY Cet, it is as low as at the end of the 1st dredge-up.
The abundance of lithium is also very sensitive to mixing. During the first dredge-up, for a star of the mass of AY Cet, the Li abundance drops to approximately log A(Li) = 1.36 (Charbonnel & Lagarde 2010) . However, the available determinations of log A(Li) in AY Cet show values spanning from 0 to 0.6 dex (Randich et al. 1993; Barrado y Navascués et al. 1998; Berdyugina 1994; Costa et al. 2002; Fekel & Balachandran 1993) . The determined abundances of lithium in AY Cet are lower than predicted by the first dredge-up model while the carbon and nitrogen abunwww.an-journal.org dances are in agreement with it. Thus any reasons of the low lithium abundance should be related to other mechanisms.
Comparison of photospheric and coronal abundances
One of the still unanswered questions in stellar astrophysics is weather the coronal abundances in cool stars are similar to the photospheric ones. In the Sun, an enhancement of elements with a low first ionization potential (FIP) is found in the corona with respect to the photosphere. The different composition in the corona and the photosphere may indicate that some physical processes take place between the cooler photospheric material and the hotter corona. Sanz-Forcada et al. (2009) have presented a comparison of photospheric and coronal abundances in 12 stars. It is seen that some stars have the FIP effect, some no and some have even an inverse FIP effect.
Comparing the photospheric abundances of AY Cet as determined in this work with the coronal abundances (SanzForcada et al. 2009 ), we see no FIP effect. It is interesting to notice that the abundances of O and Si are very close, the abundance of C in the corona is higher by about 0.8 dex, of Ni by 0.5 dex, of N by 0.4 dex, and that of Fe is lower by 0.15 dex. More observational data are certainly needed in order to reveal the true abundance differences in stellar photospheres and coronae.
